Abstract: A survey and a formalized phytosociological classifi cation of the marsh vegetation of the class Phragmito-MagnoCaricetea in central Italy is presented. Formal defi nitions of the majority of wetland associations recorded from the Italian territory were defi ned using the Cocktail method and applied to a large data set of vegetation plots extracted from the database VegItaly (hosted by the web database system "anArchive"). A total of 43 associations belonging to seven alliances and four orders were recognized. Detrended correspondence analysis (DCA), species indicator values and altitude were used to visualize ecological differences between the associations. Altitude, nutrient status and soil reaction were identifi ed as the main environmental gradients responsible for diversifi cation and distribution of the Phragmito-Magno-Caricetea communities in central Italy.
Introduction
Wetland vegetation is a constant component of landscapes in the temperate zones (BRINSON & MALVÁREZ 2002) . Many wetland plants have very broad geographical ranges and, as a result, the physiognomy and structure of wetland vegetation is similar in different parts of the world. However, regional distribution and local zonation of wetland vegetation types depend on many factors including climate, geology, hydrogeology, topography and human impact (KEDDY 2000) . Both macro-and microclimate affect, directly or indirectly, the water regime, decomposition of organic matter and the amount of minerals and nutrients in water and soil. Anthropogenic factors also infl uence all components of the wetland ecosystems including the structure of the distribution pattern of vegetation. Bedrock and topography infl uence chemical and physical characteristics of soils, groundwater levels and runoff patterns.
Although often severely fragmented, wetlands are rather common in the Italian landscape, particularly in the lowlands, but also in hilly and mountainous areas. A large part of Italian wetland vegetation is represented by the phytosociological class Phragmito-Magno-Caricetea. This class includes species-poor stands of varioussized, emergent, perennial grasses or sedges, growing both in fresh and brackish water and occurring in marshes, on riverbanks, the shores of natural and artificial lakes and in pools. It is usually classifi ed according to the physiognomy determined by the size and life forms of dominant species. Several local studies of this vegetation have been published in Italy, including proposals for different vegetation types (e.g. BUCHWALD 1994; VENAN- ZONI & GIGANTE 2000; BIONDI et al. 2002; LASTRUCCI et al. 2007; 2010a) , or descriptions of the diversity and ecology of lakes (e.g. GRANETTI 1965; ORSOMANDO & PE-DROTTI 1986; AVENA & SCOPPOLA 1987; SCOPPOLA et al. 1990; IBERITE et al. 1995; VENANZONI et al. 2003) and streams (e.g. CORBETTA & PIRONE 1989; BALDONI & BI-ONDI 1993; BIONDI et al. , 1999 ANGIOLINI et al. 2005; LASTRUCCI et al. 2010b; CESCHIN & SALERNO 2008) . Specifi c wetland systems such as the karst plains have also been studied, though in less detail (CORTINI PEDROTTI et al. 1973; PEDROTTI 1976 PEDROTTI , 1992 PEDROTTI & COR-TINI PEDROTTI 1982; PIRONE 1987; VENANZONI 1992) . Complex climatic and geologic patterns and a strong human impact in Italy determine the presence of very diversifi ed wet environments, whose peculiar zonation has often given rise to discordant syntaxonomical interpretations.
Phytosociological classifi cation of vegetation has a long tradition in Italy, but only recently have large electronic databases of vegetation plots from this country become available (VENANZONI et al. 2012) . This makes it possible to synthesize data and concepts from numerous local studies and develop national schemes of vegetation classifi cation based on the formal analysis of real data. For practical reasons, such studies should as far as possible preserve the elements of the established traditional vegetation classifi cation as much as possible, but at the same time they should reject or adjust those vegetation units that are not supported by the data, or propose new units if there is evidence for them. Commonly used unsupervised multivariate statistical methods often fail to serve this purpose (KOČÍ et al. 2003; DE CÁCERES et al. 2009; SCHMIDTLEIN et al. 2010 ). Therefore we used the Cocktail method (BRUELHEIDE 1995 (BRUELHEIDE , 2000 , which is capable of producing a formalized vegetation classifi cation corresponding to the traditional expert-based classifi cation of the Braun-Blanquet approach. In the present paper we apply this method in the modifi ed version proposed by KOČÍ et al. (2003) to a large data set of vegetation plots extracted from the national database VegItaly (VENANZONI et al. 2012) .
Based on the main national and European literature and a considerable amount of unpublished data, the purposes of this work are (1) to summarize the knowledge about emergent perennial wetland vegetation in central Italy and (2) to create a formalized classifi cation of this vegetation and develop formal defi nitions for individual vegetation types. This study is the fi rst attempt in Italy to develop a fully formalized vegetation classifi cation for a broad vegetation type and across a large area.
Material and methods

Data set
For this work a data set of 6,543 relevés (vegetation plots), including different vegetation types (herbaceous and forest vegetation, not only marsh vegetation) of central Italy, were taken from the web archive VegItaly (VENANZONI et al. 2012) , hosted in the database system "anArchive" (www.anarchive.it; PANFILI et al. 2004) , with the aim of producing formal defi nitions of the associations of Phragmito-Magno-Caricetea using the Cocktail method. All the relevés, which originated from both published and unpublished sources, were made by different authors by applying the classical Braun-Blanquet approach or its modern extensions (BRAUN-BLANQUET 1964; DENGLER et al. 2008) . This data set included 1,600 relevés of wetland vegetation, which are the object of this study. The remaining relevés of other vegetation types were used to calculate the fi delity of species to the associations, giving the results more general validity. 70% of these relevés have been published in 39 papers in national or international journals over the last 30 years, while the remaining 30% are unpublished relevés. The complete list of relevés used and the database identifi cation numbers are reported in App. 1.
The data set includes relevés from the area between the Po River Plain and Basilicata Region (40°57'-44°00' N; 10°00'-15°36' E; Fig. 1 , App. 2) . The area covers diverse, both carbonate and silicate bedrocks. According to the global bioclimatic classifi cation system there are two distinct macrobioclimates, Mediterranean and Temperate, and different bioclimatic belts from thermomediterranean to subalpine (RIVAS-MARTÍNEZ 2004; BLASI & FRON-DONI 2011) .
Data resampling based on geographical distribution and vegetation types was necessary to reduce the effects on the analyses of uneven distribution of relevés across the study area. In fact, some well-known localities and widespread plant communities were represented by many relevés, while rare vegetation types were documented by only a few relevés. The resampling was performed using the Heterogeneity-Constrained Random (HCR) resampling algorithm (LENGYEL et al. 2011) with Euclidean distance on square-root transformed percentage covers to measure dissimilarity in species composition between relevés. The resampling was applied after stratifying the data set based on bibliographical sources, geographical location and assignment of relevés to syntaxa by their authors. We used "macro-locality", defi ned as geographical district identifi ed by similar geomorphological characteristics, as the geographical unit for resampling. For example, rivers were divided into at least three macro-localities (headwaters and upper course; middle course; lower course and delta). A maximum of 10 relevés per vegetation type (as indicated by the authors) and per macro-locality were resampled. After resampling the data set contained 6,083 relevés. Table 1 . Sociological species groups used in the Cocktail classifi cation of the class Phragmito-Magno-Caricetea. The phi coeffi cient (in brackets) is calculated on the resampled data set of 6,083 relevés including all vegetation types; it expresses the fi delity of each species of the group to the relevés that contain this group.
Data analysis
The resampled data set was analysed using the Cocktail method (BRUELHEIDE 1995 (BRUELHEIDE , 2000 in the modifi ed version proposed by KOČÍ et al. (2003) , with the aim of producing a formalized version of the traditional expert-based vegetation classifi cation (BRUELHEIDE & CHYTRÝ 2000) . All the resampling procedures and analyses were performed using the JUICE 7.0 software (TICHÝ 2002) . The work was organized in four steps. In the fi rst step sociological species groups (Table 1) were defi ned, composed of species with the statistical tendency to occur together in relevés (BRUELHEIDE 1995 (BRUELHEIDE , 2000 KOČÍ et al. 2003) . These species were proposed based on our fi eld knowledge and the strengths of their statistical associations with other species were quantifi ed using the phi coefficient (SOKAL & ROHLF 1995; CHYTRÝ et al. 2002) . In the second step formal defi nitions of phytosociological associations were created by combining species cover values and species groups using the logical operators AND, OR and NOT (BRUELHEIDE 1997) . Sociological species groups were considered to be present in a relevé only if the relevé included at least half of the species contained in that group. In the third step, formal defi nitions of associations deriving from the second step were applied to the relevé data set in order to classify it. In the fourth step, diagnostic, constant and dominant species were determined for each defi ned association. Diagnostic species of the associations were determined using the phi coefficient, measuring the fi delity of species to a particular association (SOKAL & ROHLF 1995; CHYTRÝ et al. 2002) . Only species with a phi coeffi cient higher than 0.30 and a probability of the observed pattern of species occurrence under random expectation lower than 0.01 (Fisher's exact test) were considered to be diagnostic for each association. During this step the number of relevés for each association was virtually standardized to 5% of the total data set, to remove the dependency of the phi coeffi cient values on the proportion of relevés belonging to particular associations (TICHÝ & CHYTRÝ 2006) . Constant species were defi ned as those with a frequency > 30% inside the vegetation unit. Dominant species were defi ned as those occurring in at least 10% of relevés of a vegetation unit with a cover value > 25%.
Finally the Cocktail classifi cation was summarized in a computer expert system using the complete data set of 6,543 relevés in order to classify the relevés excluded by the resampling. Relevés corresponding to none or more than one formal defi nition (and vegetation unit) , were compared with the groups of relevés already assigned using the Frequency-Positive Fidelity Index (FPFI) (TICHÝ 2005) .
Detrended correspondence analysis (DCA; HILL & GAUCH 1980) , applying the square-root transformed percentage cover values was performed using the R program, library "vegan", operated through the JUICE program to visualize environmental similarities among the analysed plant communities. The associations were compared with respect to their altitudinal distribution and indicator values (Ellenberg-type indicator values for Italian species compiled by PIGNATTI 2005).
The results obtained were compared with the main national and international vegetation classifi cations. The bibliographic search was based on the LISY database (www. scienzadellavegetazione.it/sisv/lisy/index.jsp - BRACCO 2001; BRACCO et al. 2007 ), integra-ted with the most recent literature. In addition, a list of associations of the class Phragmito-Magno-Caricetea reported in the literature from all the remaining parts of Italy (Table 3) was compiled with the aim of placing the classifi cation obtained for central Italy within the national framework and to facilitate future work on both a national and international scale.
Nomenclature
Species taxonomy and nomenclature were unifi ed according to the check-list of Italian vascular plants (CONTI et al. 2005) . Obvious cases of species misidentifi cations occurring in the published relevés were corrected in accordance with the most recent taxonomic revisions (e.g. in some cases Carex cuprina was corrected to C. vulpina, or Cirsium palustre to Cirsium creticum subsp. triumfetti). Both the original data and their corrections are stored and visible in VegItaly (www.anarchive.it). Syntaxonomy and nomenclature largely match with the recent revision undertaken within the project Vegetation of the Czech Republic (ŠUMBEROVÁ et al. 2011) ; syntaxon names follow the International Code of Phytosociological Nomenclature (WEBER et al. 2000) .
Results
Species groups and formal defi nitions
Ten sociological species groups were combined to create formal defi nitions of associations (Table 1) . A total of 43 associations belonging to seven alliances of the class Phragmito-Magno-Caricetea were distinguished and defi ned using the Cocktail method: 12 of these were assigned to Phragmition australis, eight to Eleocharito palustris-Sagittarion sagittifoliae, one to Phalaridion arundinaceae, eight to GlycerioSparganion, one to Carici-Rumicion hydrolapathi, three to Magno-Caricion elatae and 10 to Magno-Caricion gracilis. By applying the expert system to the complete data set of 6,543 relevés, a total of 1,538 relevés were classifi ed. Of these, 1,399 were assigned to the associations using the Cocktail formulas, and the unclassifi ed relevés were subsequently assigned using the Frequency-Positive Fidelity Index (FPFI). Most of the other relevés belonged to other classes than Phragmito-Magno-Caricetea.
The formal defi nitions are presented in Table 2 along with the numbers of relevés that met the defi nition criteria. In most cases these numbers are roughly proportional to the occurrence frequency of individual associations in the study area.
Ordination and ecological preferences
Similarity patterns of the Phragmito-Magno-Caricetea communities are summarized in fi ve ordination diagrams of detrended correspondence analysis (DCA) (Figs.  2 and 3) . A spider plot of all relevés included in the class Phragmito-Magno-Caricetea (Fig. 2) shows the relationships between the four orders, Phragmitetalia australis, Oenanthetalia aquaticae, NasturtioGlycerietalia and Magno-Caricetalia, and environmental variables. The other four diagrams (Fig. 3 ) represent in detail the associations included in each order and their relationship with the environmental variables.
Two main gradients in species composition, refl ecting differences in altitude (axis 1) and nutrient requirements (axis 2), are obvious, but a certain differences of orders with respect to these environmental variables is also visible. Environmental variables become more important when considering the association level within the four orders (Fig. 3) . Altitude, moisture and nutrients status mainly affect the diversifi cation of associations within the orders Phragmitetalia australis and MagnoCaricetalia (Figs. 3A and 3D ). Altitude appears as a very important environmental variable in all DCA diagrams. Moisture, nutrients requirements and soil reaction are among the most relevant indicator values. It is important to emphasize that altitude is a measured variable, while indicator values for relevés are calculated from species composition. For this reason the length of the altitude arrow should not be considered comparable with the length of arrows for indicator values (ZELENÝ & SCHAFFERS 2012) . Relationships of individual associations to the environmental variables are shown in box-andwhisker plots (Figs. 4 and 5). A list of 20 associations belonging to PhragmitoMagno-Caricetea but not included in the analysed data set, mostly from northern and southern Italy, is reported in 
Syntaxonomical synopsis
Descriptions of associations
The class Phragmito-Magno-Caricetea includes wetland vegetation dominated by emergent plants. In the present paper we distinguished 43 associations of this class and assigned them to seven alliances included in four orders (Table 4 , 5). The orders are distinct both ecologically and structurally. The order Phragmitetalia australis includes associations dominated by tall perennial grasses, occurring partially submerged to emergent in marshes. The order Oenanthetalia aquaticae comprises communities of short emergent plants in still water. Nasturtio-Glycerietalia includes associations of short emergent plants, which grow in running water. The , 2002 BIONDI et al. , 2004 . In the past this association was probably often overlooked due to the similarity between Typha domingensis and T. angustifolia. (BIONDI 1986; PE-DROTTI 1991; BALDONI & BIONDI 1993; BUCHWALD 1994; BIONDI et al. 1999; BRULLO & SIRACUSA 2000; LASTRUCCI et al. 2005 LASTRUCCI et al. , 2010a .
Phragmitetum australis
Eleocharitetum palustris Savič 1926
Syn.: Eleocharitetum palustris Šennikov 1919 (nomen nudum), Eleocharitetum palustris Ubrizsy 1948 Diagnostic species: Eleocharis palustris (0.39) Constant species: Eleocharis palustris (100%), Alisma plantago-aquatica (33%) Dominant species: Eleocharis palustris This pioneer association is typical of carbonate-rich, in places slightly brackish, muddy soils. Monospecifi c or species-poor stands of Eleocharis palustris usually occur in pools, ponds and on the shores of shallow lakes and swamps that dry out during the summer, but also in karst and alluvial plains fl ooded during the winter and spring. This vegetation type has a wide distribution in Italy, ranging from sea level to altitudes of more than 2000 m (PEDROTTI et al. 1992; BUCHWALD 1994; VENANZONI & GIGANTE 2000; BIONDI et al. 2002; LA-STRUCCI et al. 2007 , 2010b grows on muddy and nutrient-rich soil on sites fl ooded during winter and spring but which dry out in the summer. This association is not frequent at the national scale and occurs only in the lowlands. Although the dominant species occurs across Italy, it rarely forms dense stands (LASTRUCCI et al. 2007 .
Alopecuro-Alismatetum plantaginis-aquaticae Bolbrinker 1984
Diagnostic species: Alisma plantago-aquatica (0.36) Constant species: Alisma plantago-aquatica (100%), Juncus articulatus (62%), Eleocharis palustris (50%), Schoenoplectus lacustris (38%), Phragmites australis (38%), Lythrum salicaria (38%), Bolboschoenus maritimus agg. (38%) Dominant species: Alisma plantago-aquatica, Equisetum palustre This association is typical of shallow wetlands that are subject to signifi cant fl uctuations in the water level and to drying out in the summer. Several authors report stands dominated by Alisma plantago-aquatica from Italy, mostly assigning them to other vegetation units (BIONDI & BALDONI 1994; BUCHWALD 1994; VENANZONI & GI-GANTE 2000; LASTRUCCI et al. , 2010b . This pioneer vegetation type occurs in ponds, channels and depressions on wet arable land, where water remains for most of the year, but is subject to drying out during the summer. This association was described by MINISSALE & SPAMPINATO (1985) from Lake Gurrida (Sicily) as a community dominated by Alisma lanceolatum and characterized by the occurrence of Bolboschoenus maritimus and Eleocharis palustris. Relevés used in the present work are from a depression in a karst plain (Grutti-Perugia, 490 m a.s.l.) in central Italy (LANDUCCI, unpublished) . In such ecological conditions Bolboschoenus maritimus is absent, being substituted by B. glaucus, a species often confused with the former.
Eleocharito-Alismatetum lanceolati
Bolboschoenus glaucus-community
Diagnostic species: Bolboschoenus glaucus (0.92), Alisma lanceolatum (0.67) Constant species: Xanthium orientale subsp. italicum (100%), Bolboschoenus glaucus (100%), Alisma lanceolatum (100%), Ranunculus trichophyllus (50%), Ranunculus sardous (50%), Ranunculus neapolitanus (50%), Potentilla reptans (50%), Persicaria lapathifolia (50%), Persicaria amphibia terrestrial ecophene (50%), Mentha pulegium (50%), Lythrum hyssopifolia (50%), Juncus bufonius (50%), Eleocharis palustris (50%) Dominant species: Bolboschoenus glaucus Bolboschoenus glaucus is a species recently rediscovered in Italy. It was reported for the Italian fl ora by Fiori (1923 Fiori ( -1929 , but had since been completely neglected and only in the recent European revision of the genus (HROUDOVÁ et al. 1999) has it been distinguished from the similar B. maritimus. This species is described in the literature as being more frequent in southern Europe. It occurs in river fl oodplains, but also in man-made habitats such as rice fi elds and other types of arable land. It is well-adapted to terrestrial summer-dry habitats and can form dense stands when a suffi cient amount of water is available (HROUDOVÁ et al. 1999) . B. glaucus-dominated communities have not yet been described in Europe (HROUDOVÁ et al. 2009 ) and the data recorded to date are still too scarce for description of a new association. More studies are necessary on the taxonomy, ecology and distribution of Bolboschoenus species in Italy. However the ecology of B. glaucus in Italy seems to be similar to the ecology of B. planiculmis and B. laticarpus in central Europe, which grow in similar habitats and form stands with similar species composition.
Persicaria amphibia-community
Diagnostic species: Persicaria amphibia terrestrial ecophene (0.40) Constant species: Persicaria amphibia terrestrial ecophene (100%), Eleocharis palustris (39%), Ranunculus trichophyllus (33%) Dominant species: Persicaria amphibia terrestrial ecophene eschweizerbart_xxx Species-poor stands dominated by the terrestrial form of Persicaria amphibia are sometimes reported in the national literature (BUCHWALD 1994; LASTRUCCI et al. 2007 LASTRUCCI et al. , 2010b and have been assigned by the authors to different communities without recognizing them as an independent syntaxon. However, these stands occur in well-defi ned ecological conditions, forming pioneer vegetation on muddy and clayey soils that are submerged for most of the year and subjected to drying out during the summer. This community was observed in central Italy in karst and alluvial plains, ponds and swamps, in contact with other associations of the alliance Eleocharito palustris-Sagittarion sagittifoliae such as Eleocharitetum palustris.
Schoenoplectus pungens-community
Diagnostic species: Schoenoplectus pungens (0.95), Potamogeton schweinfurthii (0.70), Juncus articulatus (0.35) Constant species: Schoenoplectus pungens (100%), Juncus articulatus (100%), Potamogeton schweinfurthii (67%), Mentha aquatica (67%), Salix alba (33%) Dominant species: Schoenoplectus pungens, Juncus articulatus Schoenoplectus pungens is an amphi-Atlantic species with a broad ecological range, but it is rather rare in Italy, mainly occurring in coastal salt marshes (VANDEN BERGHEN 1967; PIGNOTTI 2003) . Rarely this species forms extensive and dense stands. It also grows in mesotrophic fresh still-water bodies characterized by a silty-clayey bottom and a high evaporation rate, such as swamps, shallow lakes or ponds. S. pungens can grow both as a submerged and emergent plant. For this reason its communities often contain both aquatic and emergent wetland species. In Spain, the association Scirpetum pungentis (Corillion 1950) Vanden Berghen 1967 was recorded for saline habitats and thus is included in the order Scirpetalia compacti (MOLINA 1996; LOIDI et al. 1997; MOLINA & MORENO 2003) , but in Italy stands dominated by S. pungens but not assignable to the association Scirpetum pungentis were recorded only by LAST-RUCCI et al. (unpublished) from some fresh water bodies between the Tuscany and Umbria regions.
Rorippo-Phalaridetum arundinaceae Kopecký 1961
Diagnostic species: Phalaroides arundinacea (0.48) Constant species: Phalaroides arundinacea (100%), Calystegia sepium (82%), Urtica dioica (64%), Lythrum salicaria (64%), Xanthium orientale subsp. italicum (36%), Bidens frondosus (36%) Dominant species: Phalaroides arundinacea This association, dominated by Phalaroides arundinacea, differs ecologically and in species composition from the association Phalaridetum arundinaceae. The association Rorippo-Phalaridetum arundinaceae, as reported in the literature, is characterized by an occurrence of nitrophilous species of the classes Galio-Urticetea and Bidentetea tripartitae. It usually occurs on occasionally fl ooded riverbanks, islets and terraces (KO-PECKÝ 1966 HRIVNÁK & UJHÁZY 2003; ŠUMBEROVÁ et al. 2011 ). This association was recorded for the fi rst time from Italy by LASTRUCCI et al. (2010b) Stands dominated by Sparganium erectum s.l. grow in water bodies in an advanced stage of terrestrialization such as swamps, natural and artifi cial ponds, still-water channels and shallow lakes. This association occurs in mesotrophic to eutrophic water, also with organic sediments on the bottom, often in contact with other associations of Phragmito-Magno-Caricetea such as Iridetum pseudacori, Glycerietum maximae or Typhetum angustifoliae. In the literature, two associations dominated by the two subspecies Sparganium erectum subsp. erectum and S. erectum subsp. neglectum are distinguished by some authors (BUCHWALD 1994) . However, we decided to merge these associations following ŠUMBEROVÁ et al. (2011) . In fact in many relevés subspecies were not identifi ed in many relevés, and often both subspecies occur in the same stands or in very similar habitats. This association is frequent across the country and has been recorded by many authors (e.g. CA- NULLO et al. 1988; CORBETTA & PIRONE 1989; BUCHWALD 1994; VENANZONI & GIGANTE 2000; VENANZONI et al. 2003a; LASTRUCCI et al. 2004 LASTRUCCI et al. , 2007 CESCHIN & SALERNO 2008; PEDROTTI 2008) . The species Glyceria fl uitans can grow in oligotrophic to eutrophic water, but it is less tolerant than Glyceria notata to human disturbance and strong eutrophication. This association occurs in habitats that are in an advanced stage of terrestrialization or periodically fl ooded, for example in ponds, banks of channels and streams or inundated depressions in karst plains. In Italy this association is less frequent than Glycerietum notatae and its occurrence is documented from only a few sites across the country (POLDINI 1989; MARIOTTI 1995; PROSSER & SARZO 2003; LASTRUCCI et al. 2007 ).
Glycerietum notatae Kulczyński 1928
Syn.: Catabroso-Glycerietum plicatae BraunBlanquet 1949, Glycerietum plicatae Oberdorfer 1957 Diagnostic species: Glyceria notata (0.43) Constant species: Glyceria notata (100%), Ranunculus repens (53%), Veronica anagallis-aquatica (35%), Helosciadium nodifl orum (32%) Dominant species: Glyceria notata This vegetation type is structurally and ecologically very similar to Glycerietum fl uitantis, but it is dominated by Glyceria notata, a species more tolerant to eutrophic conditions and disturbances. This association occurs on sandy and muddy soils along riverbanks, canals in arable land, natural and artifi cial ponds and depressions in wet meadows. It is often found in contact with other associations of the alliance Glycerio-Sparganion such as Helosciadietum nodiflori and Nasturtietum officinalis. In Italy this vegetation type is frequent, being recorded by many authors from sea level to the mountains (e.g. CORTINI PEDROTTI et al. 1973; CANULLO et al. 1988; CORBETTA & PIRONE 1989; PEDROTTI et al. 1992; BALDONI & BIONDI 1993; BUCHWALD 1994; SCOPPOLA 1998; BIONDI et al. 1999 , LASTRUCCI et al. 2004 PEDROTTI 2008) .
Nasturtietum officinalis Gilli 1971
Syn.: Nasturtietum officinalis Seibert 1962 (phantom name), Nasturtietum officinalis Philippi 1973 Diagnostic species: Nasturtium offi cinale (0.52) Constant species: Nasturtium offi cinale (100%), Veronica anagallis-aquatica (61%), Helosciadium nodifl orum (39%), Glyceria notata (32%) Dominant species: Nasturtium offi cinale This partially submerged vegetation, dominated by Nasturtium offi cinale, occurs in mesotrophic to eutrophic, still or running water. It forms monospecifi c or speciespoor stands along small rivers, channels and also in shallow pools and ponds. In Italy this association often grows in contact with other associations of the alliance Glycerio-Sparganion, such as Helosciadietum nodiflori, Beruletum erectae and Glycerietum (e.g. CANULLO et al. 1988; CORBETTA & PIRONE 1989; BALDONI & BIONDI 1993; PIRONE et al. 1997; SCOPPOLA 1998; BRULLO et al. 2002; CESCHIN & SALERNO 2008; PEDROTTI 2008; LAS-TRUCCI et al. 2010b ). (100%) , Veronica anagallis-aquatica (56%), Mentha aquatica (56%), Ranunculus repens (39%), Glyceria notata (39%), Rumex conglomeratus (33%) Dominant species: Berula erecta This association dominated by Berula erecta grows along streams and channels characterized by low to high current speeds, and by mesotrophic, well-oxygenated fresh water rich in calcium. It can occur as submerged, partially submerged or emergent stands. Emergent stands on riverbanks are usually rich in terrestrial species from other classes and alliances. This community is probably rather common in Italy but it has often been overlooked because of its frequent occurrence in mosaic-like stands with Helosciadietum nodiflori (PIRONE et al. 1997; LASTRUCCI et al. 2004; CESCHIN & SALERNO 2008; PE-DROTTI 2008) .
Beruletum erectae Roll 1938
Helosciadietum nodiflori Maire 1924
Syn.: Apietum nodiflori Braun-Blanquet 1931, Helosciadietum nodiflori Braun-Blanquet et al. 1952, Veronico-Apietum submersi Buchwald 1992 Diagnostic species: Helosciadium nodifl orum (0.36) Constant species: Helosciadium nodifl orum (100%), Veronica anagallis-aquatica (40%), Glyceria notata (34%) Dominant species: Helosciadium nodifl orum Helosciadium nodifl orum is a Mediterranean species that occurs along oligotrophic to mesotrophic streams characterized by cold water (maximum summer temperature lower than 20°) and a high concentration of carbonates and dissolved oxygen (BUCHWALD 1994) . This species occurs in both submerged and emergent form and it can form stands that are completely or partially submerged, or stands on exposed riverbanks. In both types of stands, submerged and emergent, the dominant species H. nodifl orum is accompanied by other species which can also grow as both submerged and emergent, e.g. Veronica anagallis-aquatica, Nasturtium offi cinale, Glyceria notata, Sparganium erectum s.l. and Berula erecta. Aquatic stands can be enriched by species of the class Potametea such as Potamogeton natans, Ranunculus trichophyllus or Callitriche obtusangula. In contrast, stands in drained habitats can be enriched by species of the class Molinio-Arrhenatheretea such as Ranunculus repens, Agrostis stolonifera or Mentha longifolia. These differences in ecology and species composition have led some authors to distinguish two associations: Helosciadietum nodiflori Braun-Blanquet et al. 1952 , included in the alliance Glycerio-Sparganion, for emergent stands, and Veronico-Apietum nodiflori Buchwald 1992, included in the alliance Ranunculion fluitantis, for totally submerged or partially submerged stands (BUCHWALD 1992 (BUCHWALD , 1994 PIRONE et al. 1997; SBURLINO et al. 2008; PE-DROTTI 2008) . In the present work, it was not possible to separate these two communities due to the low number of species in the sampled stands and a frequent absence of data on environmental conditions or growth form. Moreover, in most cases these two associations were recorded as occurring in contact. For these reasons, we decided to assign both terrestrial and aquatic stands dominated by H. nodifl orum to a single association Helosciadietum nodiflori, considering this association as being characterized by the dominant species with a broad ecology. This association is rather frequent in Italy (e.g. CANULLO et al. 1988; PIRONE et al. 1997; BALDONI & BIONDI 1993; PROSSER & SARZO 2003; PEDROTTI 2008; SBURLINO et al. 2008) .
Oenantho aquaticae-Rorippetum amphibiae Lohmeyer 1950
Diagnostic species: Rorippa amphibia (0.69), Ranunculus peltatus subsp. peltatus (0.37) Constant species: Rorippa amphibia (100%), Calystegia sepium (56%), Helosciadium nodifl orum (44%) Dominant species: Rorippa amphibia, Ranunculus trichophyllus, Potentilla reptans Rorippa amphibia usually forms species-poor stands in shallow mesotrophic to eutrophic water bodies, in advanced stage of terrestrialization or subject to drying out in summer, such as natural and artifi cial ponds, swamps, lakes and oxbows. This vegetation type is rather rare in Italy probably due to the restricted distribution of the dominant and characteristic species across the Italian Peninsula (BALDONI & BIONDI 1993; BIONDI & BALDONI 1994; LASTRUCCI et al. 2007 ). , and it was assigned in the alliance Magno-Caricion elatae (syn. Caricion rostratae). However, considering the fact that the optimum habitat of this community is fl oating islands, we prefer to include it in the alliance Carici-Rumicion hydrolapathi. This vegetation type is recorded exclusively from central and southern Italy (ORSOMANDO & PEDROTTI 1986; VENANZONI & GIGANTE 2000; VENAN-ZONI et al. 2003; CORBETTA & PIRONE 1989; TAMMARO 1995) , while in northern Italy it is substituted by Cicuto virosae-Caricetum pseudocyperi (Anoè & Caniglia 1987 (BALÁTOVÁ-TULÁČKOVÁ & VENANZONI 1989; BALÁTOVÁ-TULÁČKOVÁ 1991) . This vegetation is rather rare in Italy, but occurs in different ecological conditions, from sea level to the karst plains of the Apennines (PEDROTTI et al. 1992; BUCHWALD 1994; VENANZONI & GIGANTE 2000; MERLONI & PICCOLI 2001; VENANZONI et al. 2003a ). This marsh community, dominated by Carex acutiformis, occurs in mesotrophic to eutrophic shallow water, such as the littoral zones of lakes, swamps, springs, depressions in wet meadows and periodically fl ooded riverbanks. It grows on peat and humic, usually nutrient and base-rich, but also moderately acid soil. In Italy this association occurs from the lowlands at sea level to the submontane belt, but the stands are often fragmented due to human disturbance (e.g. CORBETTA & PIRONE 1989; VE-NANZONI 1992; TAMMARO 1995; BIONDI et al. 1999; VENANZONI & GIGANTE 2000; PROSSER & SARZO 2003; often grow together with other associations with similar ecological requirements such as Cyperetum longi or Phalaridetum arundinaceae, in a landward zone behind the Phragmitetum australis zone. They are usually fl ooded only during the winter and early spring. This association is rather frequent across the Italian Peninsula, but it is restricted to lower altitudes of below 800 m (e.g. ARRIGONI & RICCERI 1982; ANOÈ & CANIGLIA 1987; BUCHWALD 1994; PIRONE et al. 1997; SARZO et al. 1999; VENANZONI & GIGANTE 2000; VENANZONI et al. 2000; PEDROTTI 2008; LASTRUCCI et al. 2010a) . eschweizerbart_xxx Dominant species: Cyperus longus Cyperus longus usually forms dense and extensive stands on the shores of mesotrophic to eutrophic lakes, swamps and in wet depressions, along rivers and natural or artificial channels on arable land, where the soil is waterlogged for most of the year. In Italy this vegetation type usually occurs in a wet zone between reeds and crops in contact with other communities of the class PhragmitoMagno-Caricetea such as Caricetum ripariae, or of the class Molinio-Arrhenatheretea such as Holoschoenetum vulgaris Braun-Blanquet ex Tchou 1948 or Junco inflexi-Menthetum longifoliae Lohmeyer ex Oberdorfer 1957 (e.g. CORBETTA & PIRONE 1989 BRULLO et al. 1994; TAMMARO 1995; VENANZONI & GIGANTE 2000; PIRONE et al. 2003; VENANZONI et al. 2003; PEDROTTI 2008; LASTRUCCI et al. 2010a ).
Leersietum oryzoidis Eggler 1933
Caricetum acutiformis Eggler 1933
Mentha aquatica-community
Phalaridetum arundinaceae Libbert 1931
Diagnostic species: Phalaroides arundinacea (0.50) Constant species: Phalaroides arundinacea (100%), Phragmites australis (42%), Lythrum salicaria (42%), Iris pseudacorus (42%), Persicaria amphibia terrestrial ecophene (31%), Mentha aquatica (31%), Dominant species: Phalaroides arundinacea This marsh vegetation type, dominated by Phalaroides arundinacea, occurs in shallow depressions or in swamps in an advanced stage of terrestrialization, usually in contact with other associations of the alliance Magno-Caricion gracilis, such as Caricetum gracilis, C. vesicariae or C. ripariae and with those of the alliance Phragmition australis, such as Phragmitetum australis, Glycerietum maximae and Iridetum pseudacori. In contrast to the association RorippoPhalaridetum arundinaceae, this association is less nitrophilous and more frequently exposed to regular fl ooding. This community is rather frequent across the Italian Peninsula (e.g. BRACCO 1981; MARCHIORI et al. 1993; BUCHWALD 1994; VENANZONI & GIGANTE 2000; PROSSER & SARZO 2003; LAS-TRUCCI et al. 2007 , 2010 CESCHIN & SALERNO 2008) . Juncus effusus is a species with a broad ecological range, tolerant to different water regimes, which can form dense or fragmentary stands both in wetlands and wet meadows. The association Leersio oryzoidis-Juncetum effusi is typically characterized by the occurrence of several species of the class Phragmito-Magno-Caricetea such as Galium palustre s.l., Mentha aquatica, Lythrum salicaria and Iris pseudacorus. It occurs on the shores of shallow lakes, swamps, ponds and along lentic sections of streams subject to frequent fl ooding. This community is different, both in its ecology and species composition, from the association Equiseto palustris-Juncetum effusi described by Minissale and Spampinato (1990) from Sicily and included in the class Molinio-Arrhenatheretea. Wetland stands dominated by Juncus effusus with constant species composition are reported by some authors from different localities, especially from central Italy, often without assignment to an association (BUCHWALD 1994; SCOPPOLA 1998; VENANZONI & GIGANTE 2000; LASTRUCCI et al. 2010b) . In central Italy, this association occurs almost exclusively at altitudes above 700 m, occupying the lowest areas of karst plains, where the water depth does not exceed 50 cm. When the water level becomes too high, this association is replaced by other communities such as Caricetum vesicariae or Phalaridetum arundinaceae (PEDROTTI 1967; CORTINI PEDROTTI et al. 1973; PIRONE 1987; CANULLO et al. 1988; BUCHWALD 1994; CIANFAGLI-ONE 2009 ). This community is more frequent in northern Italy but is recorded from several localities across the Italian Peninsula (e.g. PROSSER & SARZO 2003; MARTINI & POLDINI 1980; MARCHIORI & SBURLINO 1986; MARCHIORI et al. 1987 MARCHIORI et al. , 1993 BUFFA et al 1995; SARTORI & BRACCO 1997 , grows in mesotrophic to eutrophic wetlands and depressions in meadows, which are permanently fl ooded or saturated with water for most of the year. It grows on mineral and or partly organic soil with a high concentration of nitrogen, phosphorous and potassium and a low concentration of calcium and magnesium (BALÁTOVÁ-TULÁČKOVÁ et al. 1993) . In central Italy this association is rather rare and occurs especially in depressions of karst plains in the Apennines, where the concentration of carbonates is lower due to the accumulation of clay (CORTINI PEDROTTI et al. 1973; BUCHWALD 1994; PIRONE 1987) . It is also recorded from the lowlands to the mountain belt in other parts of Italy GERDOL & TOMASELLI 1997; MONTANARI & GUIDO 1980; ROSSI & ALESSANDRINI 1998; . (BALÁTOVÁ-TULÁČKOVÁ & PAVLÍČEK 1980; ŠUMBEROVÁ et al. 2011) . The occurrence of this association in central and southern Italy is strictly defi ned by climatic factors, which infl uence soil formation and water regime; it therefore only occurs above 800 m in the Apennines (PIRONE 1987; VENANZONI 1988; CORBETTA & PIRONE 1989; BUCHWALD 1994; TAMMARO 1995; VENAN-ZONI et al. 2003a) . For this reason this community is considered as rare, although it is more frequent in northern Italy (PEDROTTI 1963 (ŠUMBEROVÁ et al. 2011) . It is very rare in Italy and relevés are available only from the karst plains of the Apennines at altitudes above 1000 m (CORTINI PEDROTTI et al. 1973; PIRONE 1987) , where Caricetum vulpinae is in contact with other associations of the alliance Magno-Caricion gracilis, such as Caricetum gracilis and Caricetum vesicariae. Other records are from the Venetian plain (CANIGLIA & BASSO 1995) . This community was probably overlooked in the past because of the similarity of Carex vulpina to C. cuprina.
Galio palustris-Juncetum inflexi
Caricetum gracilis
Caricetum acutiformi-paniculatae
Discussion
Application of the Cocktail method
This study is the fi rst that applied a supervised formalized classifi cation to Italian vegetation, using a large data set from a new national vegetation database (VENANZONI et al. 2012) . The classifi cation obtained by applying the Cocktail method to the vegetation data of the class Phragmito-Magno-Caricetea in central Italy corre-sponds well with previous classifi cations reported in both the European and Italian literature. It reproduced most of the traditional associations, but also identifi ed some inconsistencies of the previous schemes and open questions.
In most cases, formal defi nitions of species-poor associations do not include any species group, but they are based on the dominance of certain species. The same approach was used in central Europe by ŠUMBEROVÁ et al. (2011) for similar vegetation types. However, the role of sociological species groups was fundamental to the definition of some syntaxonomic units. The group Mentha aquatica occurs frequently in all alliances and is not diagnostic for any of them. Nevertheless, it is faithful to one association, Mentho aquaticae-Caricetum pseudocyperi, and for this reason it is an important part of its defi nition. In contrast, the groups Helosciadium nodifl orum and Eleocharis palustris occur almost exclusively in the alliances Glycerio-Sparganion and Eleocharito palustris-Sagittarion sagittifoliae, respectively, and may be considered as diagnostic of these alliances. Moreover, some species groups (Urtica dioica, Persicaria lapathifolia or Tetragonolobus maritimus Group) were typical of other classes but were needed to distinguish associations dominated by the same species but growing in different ecological conditions, such as Phalaridetum arundinaceae vs. Rorippo-Phalaridetum arundinaceae, or Phragmito-Typhetum minimae vs. Mentho aquaticae-Typhetum minimae. In such cases, species of these groups served as differential or transgressive differential species.
In some cases, in this work we created broad defi nitions of associations/communities as interim solutions for vegetation types that cannot currently be defi ned due to taxonomic diffi culties or lack of data. This is the case for the Bolboschoenus maritimus agg.-community, which includes all stands dominated by different species of the Bolboschoenus maritimus aggregate (in Italy including Bolboschoenus maritimus s.str., B. glaucus, B. planiculmis and B. laticarpus). Another case is the defi nition of Glycerio-Sparganietum neglecti, which includes communities dominated by Sparganium erectum s.l. (including the two subspecies S. erectum subsp. erectum and S. erectum subsp. neglectum). These "multi-inclusive definitions" should be modifi ed after suffi cient data on the ecology and distribution of the dominant species become available.
The defi nition created for the association Phragmitetum australis also includes an unpublished relevé (by Gigante, Lastrucci and Landucci from Lake Chiusi) dominated by Phragmites australis with Thelypteris palustris occurring with a cover value of less than 5% (+). The occurrence of this stand on a fl oating reed island and the presence of T. palustris could suggest that this relevé be assigned to the association Thelypterido-Phragmitetum Kuiper ex van Donselaar et al. 1961, reported from the same locality by ARRIGONI & RICCERI (1982) . However, we decided not to create a defi nition of the association Thelypterido-Phragmitetum at this point in time because of the insuffi cient number of relevés and low cover value of T. palustris. We consider this stand to be transitional between the associations ThelypteridoPhragmitetum and Phragmitetum australis, refl ecting the degradation of the fl oating reed island. Nevertheless, this observation opens a more general question as to whether the occurrence of a single species with a low cover value (less than 5%) should be used as a single decision criterion for assigning a relevé to an association. Overall, such solutions could lead to infl ations of the associations described; there are however specifi c cases when the use of specialist species with particular ecological requirements, occurring in species-poor vegetation, might be justifi ed. However, some formal criterion distinguishing such specialist species should be developed.
Syntaxonomy of tall-sedge vegetation
The order Magno-Caricetalia includes two distinct ecological groups, identifi ed by some authors as two alliances (Magno-Caricion gracilis Géhu 1961 and Magno-Caricion elatae Koch 1926), or by others as two suballiances of the alliance Magno-Caricion elatae Koch 1926 (Caricenion gracilis (Neuhäusl 1959) Oberdorfer et al. 1967 and Caricenion rostratae (Balátová-Tuláč ková 1963) Oberdorfer et al. 1967 ) (e.g. RIVAS-MARTÍNEZ et al. 2001; VALACHOVIČ 2001; PROSSER & SARZO 2003; HRIVNÁK 2004; HRIVNÁK et al. 2011) . In both cases this distinction is based mainly on the mineral and organic content of the soil, vegetation physiognomy and structure, presence or absence of rhizomatous species, and tolerance to human disturbance (BALÁTOVÁ-TULÁČKOVÁ 1994; ŠUMBEROVÁ et al. 2011) . However, in the southern European literature this distinction is often neglected (MERIAUX 1981; MOLINA & MORENO 2003) , and in the Italian literature the alliance Magno-Caricion gracilis (or suballiance Caricenion gracilis) is rarely mentioned. The authors who use this distinction include in this alliance/suballiance the associations Caricetum gracilis (PEDROTTI 1981; CANULLO et al. 1988; CATORCI et al. 1996; ORSOMANDO & CATORCI 1999) , Caricetum ripariae (PEDROTTI 1980; ORSOMANDO et al. 1993 ), Caricetum vulpinae (PEDROTTI 1982 , Caricetum vesicariae (MONTANARI & GUIDO 1980) , Caricetum hispidae (GÉHU & BIONDI 1988) and Phalaridetum arudinaceae (BALLELLI et al. 1981) . Similarly the suballiance Caricenion rostratae (more often indicated in the Italian literature as the alliance Caricion rostratae Balátová-Tuláčková 1963) is mentioned only by a few authors, who include in this group the associations Caricetum paniculatae (VENANZONI 1988) (PEDROTTI 1980) and Mentho-Caricetum pseudocyperi (ORSOMANDO & PE-DROTTI 1986) . All the other associations of the order Magno-Caricetalia, and also often the previously mentioned ones, are usually included in the single broadly conceived alliance Magno-Caricion (e.g. MARCHIORI & SBURLINO 1986; CORBETTA & PIRONE 1989; BRULLO et al. 1994; SARTORI & BRACCO 1997; VENANZONI & GI-GANTE 2000; LASTRUCCI et al. 2005; PIRONE et al. 2003; PROSSER & SARZO 2003; CE-SCHIN & SALERNO 2008; LASTRUCCI et al. 2010a LASTRUCCI et al. , 2010b . This simplifi ed approach is probably more often adopted in Italy and southern Europe due to the objective difficulty of assigning some communities that have a broad ecological range to one of the two alliances (or suballiances). In the present paper, we decided to maintain the distinction into two groups, trying to interpret the Italian vegetation in the framework of the main classifi cations proposed in central Europe (BALÁTOVÁ-TULÁČKOVÁ 1994; VALACHOVIČ 2001; HRIVNÁK 2004; HRIVNÁK et al. 2011; ŠUMBEROVÁ et al. 2011) , because the concept of a single alliance seems to be too simplistic to refl ect the existing ecological differences. However, the broad ecological ranges determined for several associations are evident from the analysis of the data from central Italy (Figs. 3D,  4 , 5). DCA and box-plots nonetheless reveal two main groups that represent the cores of the two alliances. The fi rst one, identifi able as Magno-Caricion gracilis, is represented by the associations Caricetum gracilis, Caricetum vesicariae and Caricetum vulpinae. These three associations are related to nutrient-rich but usually calcium-poor soil, in accordance with the literature. In central Italy these associations are rare and occur more frequently on the karst plains of the Apennines at altitudes above 800 m, occupying the lowest zones of plains with accumulations of clay created by limestone weathering. These habitats are not very rich in calcium and their soils remain moist for most of the year. The other group, identifi able as Magno-Caricion elatae, includes the associations Caricetum elatae and Cladietum marisci. According to the European literature, these two associations are characteristic of oligotrophic to mesotrophic habitats rich in carbonates and fl ooded for a long time during the year. These communities are rather rare and fragmentary in central Italy because they occur mostly at altitudes below 800 m, usually in areas with a strong human impact that does not represent the optimum conditions for these communities. In addition to these, another group including all associations with intermediate requirements is visible in the DCA diagram. We decided to include all the transitional associations in the alliance Magno-Caricion gracilis based on their higher frequency in eutrophic habitats subjected to human disturbance. An exception is the association Caricetum acutiformis, assigned to Magno-Caricion elatae, because of its frequent occurrence in central Italy on calcium-rich soils and in mesotrophic conditions.
Conclusions and outlook
The present work is the fi rst comprehensive survey of the class Phragmito-Magno-Caricetea in a large area of Italy. Although based on data from central Italy, it provides formal criteria for the extension of the proposed classifi cation to the rest of the country. Communities formally defi ned in this paper represent 70% of the associations of Phragmito-Magno-Caricetea that occur in Italy (Table 3) . In this study, we have attempted to give an example for possible development of a comprehensive, formalized national vegetation survey of Italy. The development of a complete national vegetation database, as assumed in the project VegItaly (VENANZONI et al. 2012) , will provide suffi cient data for the extension of similar studies to other vegetation types, and to the whole Italian territory and beyond. 
